Abstract. DKK1 is a negative regulator in the Wnt signal transduction pathway. It can inhibit the pathway's activation. Previous studies in some malignant tumors revealed the possibility that DKK1 is involved in tumorigenesis inducing abnormalities of the Wnt signal pathway. In this study, we showed that in benign and malignant endometrium, DKK1 exhibited novel expression profiles and invasiveness-related biology function: DKK1 was expressed in both glandular epithelium and matrix of two kinds of endometrium tissues and mostly distributed in the cytoplasm and epicytes of endometrial carcinoma (EC) Ishikawa cell line. DKK1 expression level in EC was significantly lower than that in benign endometrium. The expression correlated well with histology and clinical stage of EC. Exogenous DKK1 suppressed invasiveness of EC cells. Taken together, DKK1 is involved in genesis and early phase of EC by suppressing the invasiveness via the Wnt signal pathway. It shows promise as a biomarker for screening the progression of EC.
Introduction
The worldwide incidence of EC, one of the female genital tract malignant tumors has notably increased over the years. Several studies have focused on this field. Previous studies revealed that abnormalities of Wnt signaling transduction pathway induced genesis and development of some human malignant tumors (1, 2) . Attempts have been made to investigate some regulators in the Wnt signaling pathway as targets for diagnosis and treatment of malignant tumors.
As a negative regulator in Wnt signaling pathway, DKK1 can inhibit its activation (3) (4) (5) . Former studies in colorectum and placenta showed that DKK1 was prominently expressed in normal cells but absent in cancer cells. At present, research on DKK1 expression profiles and biology function in genesis and development of EC is scarce. Our study is focused on this point.
Materials and methods
Clinical materials. Endometrium samples were taken from patients admitted to Department of Obstetrics and Gynecology in Peking University First Hospital from 2005 to 2007. All selected cases were classified into two groups: EC group (30 cases) and benign endometrium group (34 cases). The median age in EC group was 59.53 (range 41-78) and 43.07 in benign endometrium group (range 26-71). The median age of the two groups was not significantly different. Detailed characteristics of the patients are shown in Table I . A total of 64 paraffin-embedded sections were obtained for immunohistochemistry staining from Department of Pathology at Peking University First Hospital to detect DKK1 expression.
EC cell line and cell culture. In this study, EC Ishikawa cell line was used for immunofluorescence to observe DKK1 intracellular position expression. Cell line was obtained from American Type Culture Collection (ATCC). Cells were maintained in DMEM/F12 (Gibco Co.) supplemented with 2 mM L-glutamine, 1% penicillin and streptomycin and 10% fetal bovine serum (PAA Laboratories) and grown at 37˚C in humidified air with 5% CO 2 .
Immunohistochemistry staining. PicTure™ histostaining reagent (Zymed Laboratories) was used for immunohistochemistry staining. The staining procedure was performed as described previously (6,7) with some modifications. After deparaffinization, hydration and heat recovery, sections were blocked by 3% H 2 O 2 for 10 min and incubated with DKK1 mouse monoclonal antibody (M08, clone 2B12, GenBank accession no. AAH01539, Abnova Co.; diluted in PBS, 1:300) overnight at 4˚C. Sections were then incubated with horseradish peroxidase-conjugated goat anti-mouse secondary antibody (Santa Cruz Biotechnology, Inc; diluted in PBS, 1:5000) for 1 h and stained by DAB for 2 min at room temperature. Finally, sections were detected with a light microscope (Olympus) at a magnification of x200. PBS was used as negative control. ONCOLOGY REPORTS 21: 1421 -1427 , 2009 Novel expression profiles and invasiveness-related biology function of DKK1 in endometrial carcinoma
Immunocytochemistry and immunofluorescence staining. The staining procedure was carried out as described (8) with some modifications. After being fixed with methanol and acetone (1:1 v/v) for 10 min at -10˚C, Ishikawa cells were blocked by 3% bovine serum albumin for 20 min and stained with DKK1 antibody (diluted in PBS, 1:300) overnight at 4˚C. Cells were then stained with FITC-conjugated affinipure goat anti-mouse secondary antibody (Santa Cruz Biotechnology, Inc; diluted in PBS, 1:50) for 1 h at 37˚C and a nuclear stain with propidium iodide (Sigma-Aldrich Co., diluted in PBS, 0.005 mg/ml) for 10 min at room temperature. Images were obtained with a confocal fluorescence microscope (Nikon) at a magnification of x600. The staining procedure of active-ß-catenin (1:300 dilution in PBS) was similar to DKK1.
Western blot analysis. Western blot analysis was performed as described previously (9) Chamber invasiveness assay in vitro. Invasiveness of Ishikawa cells was measured by chamber invasiveness assay as described previously (10-13) with some modifications. Membranes with 8-μm pores in 24-well chamber (Millipore Co.) were coated with matrigel matrix (BD Biosciences; diluted in DMEM/F12, 1:9 v/v). After treatment with 0.2 mg/ml of exogenous DKK1 for 24 h, cells were trypsinized and counted with a hemocytometer using trypan blue, and viable cells were seeded into the upper chamber at 2x10 5 cells/well in serum-free DMEM/F12 and 0.5 ml of DMEM/ F12 supplemented with 10% fetal bovine serum was placed in the bottom well. Incubation was carried out for 24 h at 37˚C in humidified air with 5% CO 2 . After 24 h, cells in the upper chamber were carefully removed with a cotton-tip. Cells on the lower surface were fixed with methanol for 10 min at -10˚C and stained by hematoxylin and eosin. Cells untreated with DKK1 were used as control. Cell number penetrating matrigel matrix and pore was counted.
Result assessment. Immunohistochemistry staining. Staining was analyzed and scored on the following scale according to percentage of positive expression EC cells: -, <10%; +, 10-25%; ++, 26-50%; +++, >50%. Cases with -or + staining were classified as low expression and cases with ++ or +++ were classified as high expression.
Immunocytochemistry and immunofluorescence. DKK1 positive expression appeared as green fluorescence (stained by FITC); Cell nucleus-positive expression appeared as red fluorescence (stained by Propidium Iodide). Active-ß-catenin positive expression also appeared as green fluorescence (stained by FITC).
Invasiveness assay. Invasiveness was quantified by counting cell number penetrating matrigel matrix and pore in 10 random fields with a light microscope (Olympus) at a magnification of x200. The mean value was calculated from data obtained from three separate chambers.
Statistical analysis. All data were analyzed with SAS version 9.0 (SAS Institute, Cary, NC). Statistically significant differences were defined as P<0.05. Differences of DKK1 expression level in benign and malignant endometrium were evaluated by Chi-square test. DKK1 expression level was assessed for correlations with clinicopathological characteristics using Fisher's exact probabilities in 2x2 table.
Alteration of active-ß-catenin expression level was evaluated by Student's t-test. For cell invasiveness assay, data were analyzed by Student's t-test.
Results
Location of DKK1 expression in benign and malignant endometrium tissues. DKK1 was expressed in both glandular epithelium and matrix of benign and malignant endometrium tissues. In addition, the expression in glandular epithelium was stronger than that in the matrix (Fig. 1) .
DKK1 intracellular position expression in EC Ishikawa cells.
DKK1 expression (green fluorescence) was mostly distributed Table I . Detailed characteristics of the patients. 
in the cytoplasm and epicytes of the Ishikawa cells. Cell nucleus appeared as red fluorescence (Fig. 2 ).
Comparison of DKK1 expression level between benign endometrium and EC tissues. In benign endometrium group, DKK1 was highly expressed in 64.71% (22/34) and at low level in 35.29% (12/34). In EC group, DKK1 expression level was high in 10/30 (33.33%) and low in 20/30 (66.67%), respectively. DKK1 expression level in EC tissues was significantly lower than that in benign endometrium tissues (Chi-square test, P<0.05; Table II) .
Alterations of active-ß-catenin expression level and intracellular position pattern by DKK1 in EC Ishikawa cells.
Treatment with DKK1, decreased the active-ß-catenin expression level by 9.99% (24 h), 22.04% (48 h), 34.56% (72 h), respectively. The expression level was down-regulated by DKK1 (Student's t-test, P<0.01; Fig. 3 ).
Active-ß-catenin (green fluorescence) was intensely stained in the cytoplasm and nucleus of Ishikawa cells (Fig.  4A) . Treatment with DKK1 for 24 h, resulted in diffused active-ß-catenin staining in the nucleus and only weak staining was localized to the cytoplasm (Fig. 4B) Fig. 5 ). Therefore, exogenous DKK1 suppressed invasiveness of EC cells.
Discussion
Endometrial carcinoma (EC) is one of malignant tumors that severely impacts female health. For the past few years, EC has become the female genital tract malignant tumor with the highest incidence in Western countries (14) .
Abnormalities in cell signaling transduction pathway are often correlated with tumorigenesis. Wnt signaling transduction pathway abnormalities are revealed to be closely related with many common malignant tumors such as colon cancer, malignant melanoma and chest carcinoma via multiple mechanisms including cell proliferation, differentiation, apoptosis, adherence, invasion, and migration (3) (4) (5) . Attempts have been made to study several molecules in Wnt signaling pathway as targets for diagnosis and treatment of malignant tumors.
Wnt signaling pathway consists of highly conserved secreted ligands that bind cell-surface receptors called frizzled and LRP 5/6 (co-receptor of frizzled receptor) (15) . ß-catenin, a component in Wnt pathway largely displays the state of the pathway. In the absence of Wnt signaling, ß-catenin in cytoplasm is phosphorylated (16) and rapidly degraded by the ubiquitin system (17) . In the presence of Wnt signaling, signaling interacting with frizzled and LRP 5/6 leads to dephosphorylation of ß-catenin (non-phospho: active form of ONCOLOGY REPORTS 21: 1421 -1427 , 2009 A B Figure 1 . DKK1 expression location in benign endometrium and endometrial carcinoma. DKK1 expression is seen in both glandular epithelium and the matrix of the benign endometrium (A) and endometrial carcinoma tissues (B). The expression in glandular epithelium was stronger than that in the matrix. ge, Glandular epithelium and m, matrix. Immunohistochemistry x200. Table II . DKK1 expression level in benign endometrium and endometrial carcinoma.
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ß-catenin). Active-ß-catenin is accumulated in cytoplasm, translocated into nucleus and combined with lymphocyte enhancer factor/T-cell factor of transcription factors to activate downstream target genes, many of which are involved in genesis and development of oncology (18) (19) (20) . ß-catenin has been shown to play a crucial role in the pathway. Thus, Wnt signaling pathway has been implicated in pathogenesis and progression of some human malignancies, including melanoma, myeloma and lung cancer (21) (22) (23) .
Our study focused on DKK1 -a secreted glycoprotein in Wnt signal pathway (24, 25) . It is one member of DKK family (DKKs). The human DKK1 (chromosome 10q11.2) gene encodes an inhibitor of Wnt signaling pathway by binding to and antagonizing LRP 5/6 (26, 27) .
Firstly, we detected DKK1 expression location in benign endometrium and EC. Similar tissue locations were shown in two kinds of tissues. Furthermore, we observed that DKK1 intracellular location expression was mostly distributed in the cytoplasm and epicytes of EC Ishikawa cells (Figs. 1 and 2) .
Next, we examined DKK1 expression levels in the two tissue types. However, the expression levels were quite different. DKK1 high expression level was dominant in benign tissues. In contrast, low expression level was dominant in carcinoma tissues. The reduction trend of DKK1 expression level was likely coincidence with its negative regulatory function in Wnt signaling pathway. We further investigated the correlation of DKK1 and active-ß-catenin expression level to confirm the exact DKK1 regulation mechanism in Wnt signaling pathway of EC. It was shown that treatment with DKK1 for 72 h gradually decreased the protein expression level of active-ß-catenin (Fig. 3) . Thus, DKK1 inhibited Wnt signaling pathway by down-regulating active-ß-catenin. Interestingly, we observed that the distribution of active-ß-catenin was changed by DKK1 to confocal. Usually, ß-catenin was activated and accumulated in the cytoplasm, and then translocated into the nucleus. Intense staining of active-ß-catenin was seen in cytoplasm and nucleus of Ishikawa cells (Fig. 4A ). In treatment with exogenous DKK1, increased DKK1 binding to LRP5/6 inhibited Wnt signaling translocation into cytoplasm, which lead to degradation of ß-catenin. Active-ß-catenin was dramatically decreased in the cytoplasm and absent in the nucleus (Fig. 4B) . Intracellular position pattern of active-ß-catenin in EC Ishikawa cells was altered by DKK1.
As reported in our study, DKK1 expression level was decreased during the process of benign endometrium transforming to EC. With less DKK1, polymerization of LRP5/6 and DKK1 was reduced, which allowed more free LRP5/6 to interact with frizzled and promoted intracellular Wnt signaling transduction leading to dephosphorylation of ß-catenin. Wnt signaling pathway was activated eventually (28) . DKK1 negative regulatory function would be gradually lost with lower and lower DKK1 resulting in exacerbation of endometrial carcinogenesis. These results suggested that, at least in part, DKK1 is involved in genesis and development of EC inducing abnormalities of Wnt signal pathway. Similar expression profiles were also seen in some other tumors. Sato et al (29) demonstrated that DKK genes were frequently silenced in colorectal cancer cells, but not in normal colon mucosa and loss of DKKs facilitated tumorigenesis. In human cytotrophoblast cells, DKK1 was prominently expressed, but absent in human placental choriocarcinoma cell line JAR and JEG3, which implicated some correlations between DKK1 and carcinogenesis of placental choriocarcinoma (30) . In majority (69%) of non-small cell lung cancer cell lines, Wnt signaling pathway remained active and DKK1 was silent (31) .
In order to make clear the exact phase of DKK1 acting on the process of benign endometrium transforming to EC, we investigated the potential correlations between DKK1 expression level and certain clinicopathological characteristics (pathology categories, histological differentiation, clinical stages and lymph node metastasis) in EC. We found that well-differentiated EC had the highest expression level. Likewise, EC at clinical stage I had higher expression than those at other stages. DKK1 expression correlated well with histological differentiation and clinical stage. However, DKK1 expression level did not show any correlations with pathology categories and lymph nodes metastasis. DKK1 expression exhibited a tendency for decrease during EC progression hinting that DKK1 acted on genesis and early phase of EC. In the late phase (e.g. lymph node metastasis), DKK1 action was absent.
How does DKK1 act on genesis and development of EC? Invasiveness is an important biology behavior of cancer cells and plays a particular role in tumorigenesis and progression. For this reason, we attempted to explore probable relation of DKK1 and invasiveness in EC. We found that treatment with exogenous DKK1 (0.2 mg/ml) for 24 h, cell invasiveness was decreased by 18.74% compared to control group. Invasiveness of EC cells in vitro was suppressed by exogenous DKK1. Therefore, DKK1 exhibited a novel invasiveness-related biology function. Nonetheless, the definite mechanism still remains unclear. Currently, little direct evidence of other tumors has been collected in this regard. In addition, it is known that invasion is an early event during genesis and development of malignant tumors. This result also suggested that DKK1 acted on genesis and the early phase of EC. Our studies are underway to clarify the molecular mechanisms by which DKK1 suppresses invasiveness of EC.
In summary, results of our study exhibited DKK1 expression profiles during the process of benign endometrium transforming to EC and suggested that DKK1 is involved in genesis and early phase of EC by suppressing the invasiveness via Wnt signal transduction pathway. DKK1 shows promise as a biomarker for screening the progression of EC, and reactivation of the DKK1 gene could be a valuable strategy for treatment and/or prevention of EC.
